The dynamical behavior of the impurities has been described theoretically by Lifschitz [1] who introduced the Green's function technique.
This method, although exact, presents the disadvantage of being complicated to handle in the general case, and the solution often requires computational work.
Our purpose here is to derive analytic formulae giving the local vibrational modes with a good accuracy. For this we shall use a method of moments which has already been introduced in the case of electronic states [2] . We treat the problem of a light impurity for which the local mode frequency is greater than the longitudinal optical frequency of the host crystal. Our model allows us to treat not only the pure massdefect but also to introduce local changes in force-constants which we shall be able to evaluate from the experimental value of the local mode frequency.
To derive our expressions for the localized state frequency, we approximate the change in density of states due to the impurity by a few delta functions whose position and amplitude are chosen so that they satisfy the first moments of the exact change in density of states. We had. used such a technique previously for a calculation of surface states [3] , [4] and also for the U-center [5] . Here we shall be able to show that the approximate value derived in [5] is not always valid and we shall consequently derive a much better analytic form for the localized frequency, the relative error introduced being smaller than two per cent for any position of the localized state.
We believe that such an approximate expression can be useful for experimentalists because its application to any problem is straightforward. It can also be extended without trouble to include changes in force constants and these can be evaluated from the experimental results.,Such a procedure can be useful to study the trends in the results in a series of compounds for instance.
In order to check the validity of our models we shall make in the two first parts of this study a careful comparison with exact results which have been derived for pure mass defects in diatomic systems.
In section 1 [8] to [13] . Some experimentalists use an empirical formula with a parameter a to evaluate the localized-mode frequency due to the impurity [14] Wi :
Here Mi is the impurity-mass, Mi the nearest-neighbour's mass, A a constant depending upon the maximum optical-mode-frequency in the perfect crystal.
Other attempts have been made to approach the problem theoretically, such as the Green's-function method [15] or a modified-molecular-model [16] . As the results in [15] were given for all values of e in the pure mass defect case, we shall be able to have another test of our models for these three dimensional diatomic systems.
We discuss the results and finally show in some cases how our formulae can very easily give an idea of the changes in force-constants near a defect. (17) and (18) by the classical symmetry matrices for the zinc-blende structure. Finally we obtain the intra-atomic term under the form :
The a, fi and y force-constants can be derived from the elastic constants Cl 1, C12, C44 [18] and from the expressions of the optical-frequencies in the long wavelength limit [19J i. e. : where we have put :
and Va is the volume of the unit-cell, z being the effective ionic-charge.
One has in fact five equations to solve, with four variables. The system is solved numerically by a least-square method [19] (23) and (24) [25] . It is known that the localized mode is triply degenerate [26] , [27] [6] , [25] , [29]- [31] . (23) and (24 where R is the nearest-neighbour distance and r+ and r_ are the ionic radii, one can show [5] that Ln a'/a is a linear function of r _ . In order to verify this fact, we have drawn the curve Ln a'/a as a function of r_ taken from [29] , [33] . The (Table III) . [32] and that fact has not yet been explained by the simple models available for the U-centers [6] . Generally the ratio is found to be -J2 as in our first model. We have calculated y with our second model. One can see in table IV that in this case we obtain deviations of y2 from 2 which have the right sign, but are generally overestimated. A general conclusion about the U-center is that one can easily obtain from W2 changes in forceconstants along the whole series of alkali-halides. This gives some interesting trends, such as a linearity upon r_ which was already pointed out before [5] . The 
